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Abstract : The vibrational spectra (Infrared and Raman) of 5-methyl-2-thio uracil have 
been reported along with their assignments Hydrogen bonding and tautomeric behaviour of the 
molecule have also been discussed
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1. In tro d u c tio n
The m olecules such as cytosine, uracil and their derivatives are o f immense importance 
because som e o f  them  are basic constituents o f  DNA and RNA and play an important role 
in constitution and properties o f  nucleic acids [1-4]. The recent spectroscopic studies of 
uracil and its derivatives have been m otivated by their biological importance [21. In many 
ot these, it w as found that the position in which sulphur was introduced, was crucial to 
biological activity. A  com plete study to vibrational spectra o f 5-methyl-2-thio uracil has not 
been m ade so far. H ence the present investigation was undertaken to study the vibrational 
spectra o f  5 -m ethy l-2 -th io  uracil and to identify the frequencies o f different modes o f 
vibration in the m olecule.
2- Experimental
Spec-pure grade  sam ple  o f  5-m ethyl-2-thio uracil (here after referred as 5,2-M TU) was 
obtained from  M /S  A ldrich  C hem ie W est G erm any and used as such. Its purity was 
confirmed by elem ental analysis and m elting point determination. The infrared (IR) spectra
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w ere recorded on Perk in-E lm er M -683 spectrophotom eter in the region 200-4000 c n r 1 
(in K B r pelle ts) as well as 4 0 0 -4 0 0 0  cm -1 (in nujolm ull, ethanol and m ethanol) and laser 
R am an spectrum  w as recorded on 'Spex R am a Lab.' spectrophotom eter using  52 MG 
argon-krypton laser o f  w avelength 488 nm.
3. Results and discussion
T he m o le c u la r  s tru c tu re  o f  the com pound  5 ,2 -M T U  is show n in F ig u re  1. The 
observed fundam ental frequencies and their proposed assignm ents are given in Table 1.
II
Figure 1. Molecular structure of 
5,2-MTU.
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Figure 2. Hydrogen bonding 
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Figure 3. Tautomensm in 5,2-MTU
T he corre la tions o f  IR  frequencies o f  C -S , C =S and S -H  bands are given in Table 2, 
w hile that o f  C  = O  group is given in T able 3. H ydrogen bonding and tautom eric forms of 
5 ,2-M TU  are g iven in Figures 2 and 3 respectively.
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Table 1. Assignments of vibrational frequencies of 5,2-MTU
6 9 9
(All values a re  in cm -1)
Raman
1R
KBr N ujol mull Ethanol M ethanol Assignm ents
75 s - - Lattice vibration
88 vs - - - - Lai lice vibration
98 m - - - - la ttic e  vibration
118 vs - - - - Laiticc vibration
156 s - - - - (S -H ) torsion
230 vw - - - y(C -S )
- 300 vw - - 7(C =S)
320 s - - /J (C -S ). y (C -O H ), y(C -C H  0
- - 405 w - -
410 vs 410 s - 410 s y(C 4-o >
422 s 420 vw ■ 420 m 420 w 420 w /r in g
- - 440 w 440 m 430 m (O -H ) torsion
539 m 530 s 530 s - - 0 (C = O )
575 w - - - yn n g
585 vs 580 vs - - f j  (C -O H )
™3 vs - - 590 vw ynng
067 m 655 m 660 m - - 0 (C = S )
7 ()2 vvs 690 s 690 s - 680 vw v (C -S )
745 s 740 m - - yring
763 vs - 770 m - - /r in g
_ _ - 800 vw - 7 ( N r H)
820 vs 840 sb - - y (C -H ), y (N ^-H )
965 m 960 vw - - ring breathing
- 1 0 2 0  w - - 10 2 0  w CH 3 rocking
_ _ 1060 vs 1060 vw /Jring
1142 m 1130 vs 1130 vs - 1130 w C H 3 rocking
1168 s 1160 s 1160 s - 1160 w v (C=S)
1223 s 1215 vsb 1 2 1 0  vs - - v (C CH 3 )
_ _ _ 1280 m - P  (O -H )
1308 w _ - - 1310 vw v (C -O H )
_ _ _ 1340 m - v n n g
1365 vvs 1380 s 1380 s 1380 s 1380 vw C H t sym deformation (/fs(C H 3 O
1470 m 1460 s 1460s 1460 s 1460 m /J(C -H ). C H 3 asym del ( / V C H 3^
- 1485 vw - - 1480 vw CH 3 asym. deformation (/Jas(C H 3))
_ _ - 1490 w v n n g
- 1515 vw - - 1510m v n n g
_ - 1530 m v ring
- 1550 vs 1560 s 1560 vw - v n n g , /3(N-H)
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Table 1. (Cant'd.)
(All values are in cm-1)
Raman
IR
KBr Nujol mull Ethanol Methanol Assignment
1650 vs - 1640 sb - 1640 s v (C 4= 0 )
- 2360 m 2360 vw - v (S -H )
2820 vw 2840 s - - O l j  sym stretching
2920 vs 2920 w 2920 s CH-j asym stretching
- 2980 vw - 2960 vs 2960 vw C H 3 asym stretching
1070 vw 3080 vw - v (C -H ), v ( N 3- H )
3250 w 3240 vw - - v  (N , -H)
- 3415 vw 3420 m v (O -H )
where v = stietching. w = weak.
P
y
sym 
as yin 
del
-  m-plane bending,
-  oul-of-plane bending,
-  symmetric,
= asymmetric,
-  deformation.
s -  strong, 
m -  medium, 
vs -  very strong, 
vw — very weak, 
vvs -  very very strong, 
sb -  strong broad
T ab le  2. Correlation ol 1R frequencies ol (C -S), (C -S ) and (S H) bands
(All values are in cm"1)
Assignmcni 2 MP 4,6.2-DHM P 4,6.2-DAM P 6,5.2-ANTU 5.2-CHTU 5,2-MT
v (C S) 470 s 460 vs 520 vs 680 s 680 vw • 690 vs
/J(C  S) 328 s 330 m - 315 s 320 m 320 s
y(C -S ) - - - - 230 vw
v (C -S ) 1 190 s 1155 vsb 1182 vvs 1170 vsb 1160 w 1160 s
f t  (C -S ) 628 111s 630 s 610 vs 630 w 635 vw 655 111
y(C =S) - - - 285 m 285 vs 3(H) vw
v  (S H) 2540 wb - 2560 w 2344 w 2360 w 2360 m
wlieie. 2-M P - 2-m crcapto pyrimidine | R ef 18]
4.6,2-D H M P 4,6-dihydroxy -2-mercapto pyrim idine [R ef 18]
4,6,2-O A M P = 4,6-diam ino-2-m ercapto pyrimidine [Ref 28]
6,5,2 ANTU = 6-am ino-5-nitroso-2-fhm  uracil [R ef 17]
5,2-CETU = 5-carbethoxy-2-thiouracd [T ef 19],
Table 3. C orrelation o f the infrared frequencies (cm ')  of the uracil derivatives in the double
bond region
Assignments 5-IU 5-FU 6-CM U 5 -MU 5,2-CETU 5,2-MTl
\m c 4=o ) 1645 m 1660 s 1660 s 1671 vs 1700 m 1640 s
P ( Q = 0 ) 550 vs 560 vs 550 sb 757 vs 525 vs 530 s
f(Q=OI 400 m 370 m 370 m 395 ms 390 m 410 vs
where M U  = 5-iodo uracil [R ef 11]
5-FU = 5-fluj-o uracil [R ef 12]
6-CM U = 6-chloro methyl uracil [Ref. 12]
5 -MU = 5-m ethyl uracil [R ef 14]
5,2-CETU ■ = 5-carbethoxy-2-thio uracil [Ref. 19]
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j  l Vibrational spectra ;
The m olecule 5-m ethyl-2-thio uracil is a Irisubstituled pyrimidine. The vibrational spectra 
(1R and Ram an) have been interpreted using planar geometry and Cs point group symmetry 
(or the m olecule and the observed fundamentals have been assigned to different normal 
modes o f  vibration. The analysis of the bands and the assignments o f the fundamental 
Irequencies arc m ade on the basis of magnitude and relative intensities of the observed 
bands and earlier assignments in the similar molecules.
,U .l .  Ring vibrations :
Since the molecule 5,2-M TU is trisubstiluted pyrimidine, therefore, only one C -H  valence 
oscillation is expected. A very weak IR band at 3080 e n r 1 (in nujol) with the counterpart of 
Raman band at 3070 e n r 1 has been assigned to C -H  stretching mode in the title compound 
j S -7 j  It has been stated that the higher frequency corresponds to N j-H  stretching and the 
lower trequency to N 3-H  stretching mode in uracil [51. In view of this IR band at 3240 enr 1 
mi KBrj with the counterpart o f Raman band at 3250 cm 1 has been assigned to N ]-H  
stretching mode while the IR band at 3080 e n r 1 (in nujol) with the corresponding Raman 
band at 3070 cm 1 may also be identified as N r  H stretching mode
The frequency due to CH/NH stretching modes are well separated from the 
liequcncics due to other modes The m olecule under study contains only one hydiogen 
,i(om attached to the carbon atom of the ring (Figure 1). The IR value 1460 cm - 1  in both the 
phases (solid and solvent) with the corresponding Raman band at 1470 cm 1 has been 
assigned to C -H  in-plane bending mode. Strong band observed in IR spectra ot the said 
molecule at 840 e n r 1 (in nujol) is assigned to C -H  out-of-plane bending mode which find 
support from the literature value [7,81.
It has been stated that in uracil, the band at 850 cm - 1  is the N 3 -H  out-of-plane 
bending mode and that at 805 e n r 1 is the N j-H  out-of-planc bending mode (9). During the 
piescnt study, a very strong IR band at 820 cn H  (in KBr)/840 e n r 1 (in nujol) has been 
assigned as the (N 3-H )  oul-of-plane mode and the weak IR band at 800 cm 1 (in ethanol) to 
the (N , —H ) oul-of-p lane bending mode, while the IR band observed at 1550 e n r 1 (in 
KBr)/ 1560 cm 1 (in ethanol and methanol) has been assigned to (N -H ) in-plane bending 
mode [4].
Som e workers have identified the ring in plane bending vibration at 1054 e n r 1 and 
ring breathing m ode at 9 4 4  cm- 1 in 5 ,6 -d.mclhyl urae.l 1 1 0 ]. In view ot this, the IK band at 
HIM) cm -' (in m ethanol and ethanol) and at 960 e n r ' (in KBr) alongwith corresponding 
Raman value 965 e n r 1 have been assigned lo ring in-plane bending and ring breathing 
modes respectively. A medium  IR band at 1340 e n r 1 (in ethanol) has been assigned lo ring 
siretching vibration. These values also find support from literature value [ 1 1,I2|.
' 1.2. C-X vibrations :
The neutral form  o f  uracil and its substituted derivatives have three double bonds and 
then- stretching v ibrations are expected lo  g.vc rise three strong infrared bands m .he
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region 1600-1700  cm -1 [9J. The bands ai 1695, 1662 and 1621 cm -1 in 1-methyl uracil, 
and those at 1690, 1676 and 1614 cm -1 in 5-m ethyl uracil, have been assigned to 
C 2= 0 ,  C 4= 0  and C=C stretching vibrations respectively [13,14], w hile the IR band at 
1645 cm -1 has also been assigned to C4= 0  stretching m ode in 5-iodouracil [11,13]. In 
view  o f above, only one strong IR band at 1640 cm -1 (in nujol and m ethanol) has 
been assigned  to (C4= 0 )  stretching m ode. The bands observed at 530 and 410 cm 1 
have been assigned  to (C 4= 0 )  in-p lane bending and ou l-o f-p lane  bending modes 
respectively [8J.
T he C=S stre tch ing  v ibration has been calcu lated  in the region from  1550 to 
850 cm r1 [15]. V ir Singh et al [16] have assigned this m ode at 1160 cm -1 in 5-carbethoxy 
2 -lh iouracil. In accordance w ith the above discussion , the IR band at 1160 cm -1 (in 
K B r, nujol and m ethanol) w ith the coun terpart o f  R am an band at 1168 c p r 1 has 
been assigned  to this m ode. Seem a et al [17] have assigned C=S in-p]ane bending 
v ibration  at 630 cm -1 in 6-am ino-5-n itroso-2-th iouracil. A ccordingly  the IR value at 
655 cm -1 (in K B r)/660 c i r r 1 (in nujol) with the corresponding R am an counterpart at 
667 c m -1 is identified as C=S in-plane bending vibration. The C=S out-ol-plane bending 
m ode has been assigned  at 300 cm "1 (in K B r) in the IR  spectrum  o f the said 
m olecule [16,17],
The (C -S ) stretching, in-plane bending and out-of-plane bending m odes have been 
assigned at 470, 328 and 230 cm-1 respectively in 2-m ercaptopyrim idinc [18]. In view ol 
these assignm ents, the IR band observed at 690 cm -1 (in KBr and nujol)/680 cm 1 (in 
m ethanol) with the counterpart Ram an band at 702 c u r 1 has been assigned to (C-SI 
stretching m ode, while the IR bands at 320 and 230 cm -1 (both in KBr) have been assigned 
to (C -S ) in-plane bending and out-of-p lane bending m odes respectively in the present 
study 1191.
The (C -C H 3) stretching, in-plane bending and out-of-plane bending m odes have 
been assigned  at 1220, 370 and 315 cm "1 respective ly  in 4 ,6-dihydroxy-2-m ethy]- 
pyrim idine [20]. In view of these, IR  values 1215 cm -1 (in K B r)/1210 cm "1 (in nujol) with 
corresponding Ram an value 1223 cm "1 have been assigned to (C -C H 3) stretching mode, 
while those at 405 cm -1 (in nujol) and 320 cm -1 (in KBr) correspondingly assigned to the 
(C -C H 3) in-plane and out-of-plane bending m odes respectively”
T he band at 1300 cm -1 has been assigned to (C-OH) stretching m ode in the IR 
spectrum  of 6-am ino-5-nitroso-2-thio uracil [17]. In view o f this, a very week IR band at 
1310 cm -1 (in m ethanol) with the courterpart o f R am an band at 1308 cm -1 may be assigned 
to (C-OH) stretching m ode in the said m olecule. The IR bands at 580 c m '1 (in nujol) and 
320 cm "1 (in KBr) have been assigned to (C-OH) in-plane and out-of-plane bending modes 
respective ly  in the p resen t study. T hese assignem ts find support from  literature value 
[12,17,21]. The presence o f  the O -H -v ibra tions is due to the tautom eric behaviour of the 
m olecule [Figure 3].
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3.1.3. Group vibrations :
3.1.3.1. CHj group vibrations :
Fox and M ai tin  [22] have assigned the symmetric and asymstretching modes o f methyl 
group at 2872 and 2962 c n r 1 in the molecules containing methyl group C H 3 symmetric 
stretching modes have been assigned at 2829 and 2856 cm 1 in case o f 5.6-dimcthyl uracil 
and 2-am ino-4-hydroxy-6-m ethyl pyrim idine [10,20] while the bands at 3029, 2994, 2951 
and 2884 c n r 1 have been assigned to (C H 3) asymmetric stretching modes m 5,6-dimethyl 
uracyl (10]. In view  o f the above, the IR  band observed at 2820 c n r 1 (in KBr)/2840 cm 1 
(in nu jo l) has been assigned to C H 3 symmetric stretching mode while the IR  bands at 2920 
cm 1 (in  nu jo l, ethanol and methanol) and 2980 c n r 1 (in KBr)/2960 cm 1 (in ethanol and 
methanol) to C l i3 asymmetric stretching modes in 5 ,2-M TU . The symmetric, asymmetric 
deformation and rocking modes o f methyl group in the present study are given in Table 1. 
These above modes find support from the literature value [10,22-25].
3 1.3.2 SH group vibrations :
Bellamy [23] has suggested the narrow range o f 2590-2550 cm 1 for S -H  stretching mode 
and he proposed that the bands near 2550 c n r 1 in thio phenol were absent from their 
corresponding sulphides which makes it evident that this band is due to (S -H ) stretching 
mode. The IR  band at 2360 c n r 1 (in  nujo l and ethanol) has beep assigned to (S -H ) 
si\etching v ibration during the present study, which nicely falls in the range predicted by 
various workers [23-27].
4. T au to m eric  b eh av io u r an d  hydrogen  bonding
The band at 1673 cm-1 in uracil is assigned as C = 0  stretching mode |8]. Thus the IR  band 
at 1640 c n r 1 (in nujol and methanol) w ith  the counterpart o f the Raman band at 1650 c n r1 
corresponds to this vibration in 5 ,2 -M TU . However at the same time, IR  band observed at 
1310 c n r 1 (in  m ethanol) w ith  the counterpart o f Raman band at 1308 c n r 1 has been 
assigned to (C -O H ) stretching vibration w hile  IR  band at 3420 c n r1 (in methanol)/3415 
c n r1 (in  ethanol) to (O -H ) stretching mode in the present study (Table 1). The presence o f 
above said (C -O H ) and (O -H ) stretching modes indicates that in 5 ,2-M TU , the H atom o f 
NH group present at position three has moved to position four to the ring showing 
lautomerism in the molecule as shown in Figure 3. Now it is also concluded that migration 
o f H atom o f N H  group is not complete. The presence o f the said stretching mode further 
suggests that the -O H  group is involved m hydrogen bonding. Uracil, due to the presence of 
two C = 0  groups at position 2 and 4 and two -N H  groups at position 1 and 3, generally 
lautomerise into a d ihydroxy aromatic compound i.e. pyrim idine [16], but in the present 
case, on ly  one (C = 0 ) group is present at position 4, as there is a (C=S) group at position 2 
in 5 ,2 -M TU . Th is compound w ill therefore, tautomerise into a monohydroxy compound viz. 
5-m ethyl-4-hydroxy-2-mercapto pyrim idine.
Vibrational spectral studies o f 5-methyl-2-thio uracil
704 B S Yadov, Vir Singh, Sterna and Subhash Chand
Acknowledgment
The authors are thankful to RS1C, I.I.T., Bombay and USIC, Delhi University, Delhi for 
recording laser Raman and IR spectra.
References
f 1] V K Rastogi. Y C Sharma and S N Sharmu eds R E Hester and R B Girling Royal Sot Chem 403 (1991 j
[2] D K Sharma eds R E Hester and R B Girling Royal Soc Chem 401 (1991)
[3] Vir Singh, Vipin Kumar, M K Yadav, Seema and B S Yadav Oriental J. Chem. 12 267 (1996)
[4] Vir Singh, Vipin Kumar, M K Yadav and B S Yadav Asian J. Chem 9(3) 411 (1997)
13] Y Nishmura, M Tsuboi, S Kato and K Morokuma J. Am. Chem. Soc 103 1354 (1981)
|6] N D Patel, V B Kartha and N A Narasimahan J Mol Spectrosc. 48 185 (1973)
17] L Harsanyi and P Csaszar Acta. Chim. Hunfi 113 257 (1983)
[8] A J Barnes, M A Stuckey and L Le Gall Spectrochim Acta 40A 419 (1984) \
[9] J Bandeekar and G Zundel Spectrochim. Acta 38A 815 (1982)
110] R K Goel, S K Gupta, M L Agarwal and S N Sharma Indian J Pure Appl Phys 19 501 (1981)
[11] Vibha Sharma, S D Sharma, Seema and B S Yadav Asian J Phys 3 229 (1994)
[12] S P Gupta, Seema. U K Jetley and S D Shrama Scientist Phys Sci 3 40 (1991)
[ 13] H Sum and J S Ard Spectrochim Acta 27A 1549 (1971)
[14] N K Sanyal, S L Siivastava and R K Goel Indian J. Phys 52B 108 (1977)
[15] C N R  Rao Chemical Applications of Infrared Spectroscopv (New York Academic) (1963)
[16] Vir Singh, Seema, B S Yadav and S Chand Indian J. Phys 71B 69 (1997) p
1171 Seema, U K Jetley, B S Yadav and S P Gupta Oriental J Chem 7 71 (1991)
[ 181 R K Goel, C Gupta and S P Gupta Indian J Pure Appl Phys 23 344 (1985)
[ 19] Seema PhD Thesis (Meerut University, Meerut. India) (1992)
[20] N K Sanyal, R K Goel, K P Kansal and S N Sharma Indian J Pure Appl Phvs 18(12) 1032 (1979)
[21 ] N K Sanyal. S L Snvastava and D N Venna Indian J Phvs 50 865 (1976)
122J J J Fox and A E Martin Pioc Roy Soc. 175A 208 (1940)
123J L J Bellamy The Infrared Spei tra of Complex Molecules (London : Chapman and Hall) (1995)
[24] G Varsanyi Vibrational Spei tra of Benzene Derivatives (New York ' Academic) (1969)
[25] N B Colthup, L H Daly and S E Wiberley Introduction to Infrared and Raman Spectroscopy (New York 
Academic) (1975)
[26] Allan Lautie, Jacqueline Hervier and Jacouhne Belloc Spectrochim Acta 39A 367 (1983)
[27] P K Mallick, S Chattopadhyaya and S B Banetjee Indian J Pure Appl Phys 11 609 (1973)
[28J R K Goel, S P Gupta, Sangecta Sharma and C Gupta /  Chem. Soc Faraday Trans' 82 123 (1986)
